Background: Interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-α), two important inflammatory cytokines, have been inconsistently associated with risk of colon neoplasia in epidemiological studies. However, research to date has not adequately assessed whether race-specific differences may exist in associations between biomarkers and genetic variants of these cytokines and colorectal adenoma -the precursor lesions of colorectal cancer. We sought to determine whether circulating levels of IL-6 and TNF-α, or genetic polymorphisms in IL-6and TNF-α were associated with colon adenoma and if so, whether that association differed by race.
Introduction
Chronic inflammation is widely recognized as an important pathway for the development of colon neoplasia [1] . Interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) are two important inflammatory cytokines that have been implicated in human colon carcinogenesis [2] [3] [4] [5] [6] [7] [8] [9] . Recent evidence indicates that serum levels of IL-6 and TNF-α may be elevated in those with colorectal adenoma [4, 6] . However, epidemiological studies of the associations of IL-6 and TNF-α with risks of colorectal cancer or adenoma, precursor lesions of cancer, however, have been inconsistent [1, [4] [5] [6] . Because inflammation is now widely considered to be a key component of carcinogenesis, it is important to attempt to rectify these inconsistencies in the epidemiologic literature. It is also important to elucidate whether circulating levels of these cytokines impacts the initiation and development of colorectal carcinogenesis, as would be expected if they are associated with adenoma, or whether these cytokines impact the progression of colorectal carcinogenesis.
Also, significant racial disparities exist in colon carcinogenesis. African Americans have higher incidence and mortality from colorectal cancer than do Caucasians [1, [10] [11] [12] . However, studies to date have not adequately assessed whether these associations may vary by race or be potentially modified by race. Because such disparities exist, it is important to determine whether the mechanisms at play for carcinogenesis in Caucasians are similar to those in African Americans. Specifically in this study we sought to determine whether inflammation, as measured by inflammatory cytokines IL-6 and TNF-α, exhibited similar associations with colon adenomas in both Caucasians and African Americans in our study. We investigated the associations between circulating levels and genetic variants of IL-6 and TNF-α and colon adenomas in a case-control study including 894 Caucasians and 557 African Americans who underwent routine colonoscopy at University Hospitals Case Medical Center, Cleveland, Ohio. We also evaluated the association of SNPs in the IL6 and TNF-α genes and colon adenomas.
Materials and Methods
Participants were recruited for the Case Transdisciplinary Research on Energetics and Cancer (TREC) Colon Polyps Study [13] . In brief, patients without personal history of colorectal cancer or adenomas and undergoing routine colonoscopy were recruited. Each patient completed a computerassisted personal interview for lifestyle and behavioral risk factor information and provided a fasting blood sample at colonoscopy. Patients were excluded if they were ever diagnosed with inflammatory bowel disease, cancer, or colon adenomas, or were younger than 30 years of age [13] . The presence or absence of adenomas was histologically determined following colonoscopy. For this analysis, we included 401 incident adenoma cases and 1,050 controls; we excluded participants if they were missing data for the relevant biomarkers in our analysis. We also included only Caucasians and African Americans in this analysis due to low numbers in other racial and ethnic groups. The UHCMC approved this study and all patients provided written informed consent [13] .
Serum IL-6 was quantified using ELISAs from R&D Systems, Inc. (Minneapolis, MN) with an inter-assay CV of 3.63-6.31%. TNF-α was quantified using the Panel B method from Millipore Inc. (Billerica, MA) with an inter-assay CV of 5.61-10.44%.
We selected haplotype-tagging SNPs using the Genome Variation Server (GVS) (http://gvs.gv.washington. edu/GVS/) from within IL6 and TNF-α genes as well as 5kb up-and downstream. Tag SNPs were identified using GVS from the HapMap Yoruba population with an r 2 threshold of 0.8, 85% data coverage and 70% clustering. We restricted to SNPs with a minor allele frequency ≥ 5%. We genotyped 4 SNPs in the IL6 gene and 2 SNPs in the TNF-α gene using a Custom GoldenGate Panel (Illumina, Inc., San Diego, CA).
We examined the association of circulating IL-6 and TNF-α and colon adenomas in multivariate logistic regression models with adjustment for age, sex, smoking status, non-steroidal anti-inflammatory (NSAID) use, body mass index (BMI) and first degree family history of colorectal cancer. We categorized individuals as never smokers if they smoked less than 6 months in his or her lifetime. For NSAID use, we classified an individual as a "user" if he or she reported having taken aspirin or ibuprofen at least twice per week for at least one month. BMI was calculated as kilograms divided by height in meters squared (kg/m 2 ). We also estimated IL6 and TNF-α SNP-adenoma associations using log additive genetic models with adjustment for covariates. The excellent representation of African Americans (38%) in our study further allowed for stratified analyses to assess potential racial differences in the risk associations. Table 1 depicts the descriptive characteristics of our study sample. There were no statistically significant differences in circulating levels of IL-6 and TNF-α by case status for Caucasians or African Americans. In both Caucasians and African Americans, cases were older and more likely to be male than the controls. For the adiposity indicators that we measured, there were differences by race and case status. In Caucasians, cases had higher BMI, waist circumference and waist-to-hip ratio than controls (all P < 0.005). However, in African Americans, cases and controls did not significantly differ by BMI or waist circumference; the only difference was that cases had significantly higher waist-to-hip ratio than controls (P = 0.001).
Results
In Caucasians, cases and controls had mean IL-6 levels of 2.5 pg/mL and 2.2 pg/mL, respectively (P = 0.07). In African Americans, cases and controls had mean IL-6 levels of 3.7 pg/mL and 3.4 pg/mL, respectively, (P = 0.10). For TNF-α, Caucasian cases and controls had mean levels of 5.1 pg/mL and 4.2 pg/mL, respectively (P = 0.23). In African Americans, cases and controls had mean TNF-α levels of 4.5 pg/mL and 4.6 pg/mL (P = 0.78).
In the entire study population, IL-6 level is positively associated with risk of colon adenomas (P-trend = 0.002) in crude analysis; however this association is reduced to nonsignificance with adjustment for covariates (P-trend = 0.10) ( Table 2) . Race-stratified analyses revealed no significant association for IL-6 among Caucasians or African Americans. There is no association between circulating levels of TNF-α and colon adenomas in either the crude or adjusted models (adjusted P-trend = 0.53 in Caucasians and P = 0.13 in African Americans). Table 3 shows the genetic association results for IL6 and TNF-α. We found no statistically significant association between any SNPs and colon adenomas in crude (data not shown) or adjusted models.
Discussion
In this colonoscopy-based study, we found no evidence for an association between pre-diagnostic circulating levels of IL-6 levels or TNF-α and colon adenomas, nor statistically significant associations with inherited genetic variation in either IL6 or TNF-α genes. While our results are null, an advantage of this study is that the relatively large proportion of African Americans in our sample allowed us to test these hypotheses in a group that has been unstudied to date. Our results may also provide information about the timing of the impact of these cytokines. It may be that these cytokines impact progression of colon carcinogenesis after adenomas have already developed.
Studies suggesting that circulating levels of IL-6 and TNF-α are associated with colorectal cancer are fairly consistent [3, 5, 7, 8] . Previous studies regarding associations between IL-6 and TNF-α levels and colorectal adenomas are inconsistent. IL-6 and TNF-α have been associated with colorectal adenoma in a few studies [4, 6] but not in others [1, 5] . Furthermore, one study that found an association between IL-6 and TNF-α was a colonoscopy-based crosssectional study and therefore temporality of the association cannot be determined [4] . Our results suggest that these inflammatory cytokines may not be associated with the initiation of colorectal carcinogenesis in Caucasians and African Americans. Based on results from other studies which focused on the associations between these cytokines and colorectal cancer [3, 5, 7, 8] , it may be that these cytokines impact the progression of colorectal cancer rather than the initiation.
In the IL6 gene, two SNPs, rs1800795 and rs1800796 have been studied in particular detail with colorectal cancer, and rs1800795 has demonstrated positive associations with colorectal cancer [14, 15] . In TNF-α, rs1800629 has been examined with colorectal cancer with inconsistent results [16] . The SNPs we genotyped in this study have been studied with regard to obesity and adiposity measures but not with colorectal cancer or adenomas. Our study was powered to detect ORs in the range of 1.23 (MAF = 0.40) to 1.38 (MAF = 0.10) in the whole sample.
Our study is not without limitations. We only measured concentration of IL-6 and TNF-α at one time point before the colonoscopy. As the adenoma was already present, this may be a case of reverse causality. However, our null findings do not support this suggestion. Still, this study is the first to our knowledge to actually examine whether these biomarker associations differed by race.
Our study is also the first to examine haplotype-tagging SNPs as well as circulating levels of IL-6 and TNF-α and risk of colon adenomas in Caucasians and African Americans separately. In summary, our results showed no evidence for association, or racial differences in the association, of IL-6 and TNF-α biomarkers or SNPs with risk of colon adenoma.
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